The more widespread application of cord in tyres and mechanical rubber goods has resulted in the intense development of research into methods for bonding rubbers to different types of cord, in particular to metal cord [1] [2] [3] . The main reason for the considerable increase in bond strength in rubber-cord systems when a modifier is introduced is the formation of chemical bonds between the elastomer matrix of the rubber mixes and the cord. It has now been established that a considerable increase in adhesive contact can be achieved by introducing compounds into the rubber composite that contain polar functional groups that can interact with the surface of the substrate [4] . Data are available on increasing the rubber-cord adhesion properties by using maleic anhydride in the composition of the vulcanisate [5] . However, low-molecular-weight additives are often sublimated and migrate from the composite material during service, changing its properties. One way to prevent this process, it seems, may be to use oligomers or high-molecular-weight compounds with graft polar groups.
In the course of this work, a study was made of the effectiveness of using high-molecular-weight modifiers with graft anhydride (imide) groups as agents to raise the adhesive strength of rubber-cord composites, and the effect of the synthesised additives on the rheological and physicomechanical properties of the vulcanisates was examined.
According to published data, the grafting of functional groups to the polymer matrix may occur by a multiple bond of the polymer or by a multiple bond of the modifying agent [4] . The possibility of the interaction of polymers of dienes with compounds containing multiple carbon-carbon bonds has been reflected in a number of basic studies [5] . The main requirement of the structure of the ethylene compound is that it have no homopolymerisability. On the other hand, a necessary condition for the process to be successful is a lower electron density of the double bond of the modifying agent by comparison with the double bond of the polymer. Of the ethylene compounds that are widely used, maleic anhydride (MA, cis-ethylene-1,2-dicarboxylic acid anhydride) and N-methylmaleimide [5] meet these requirements most fully.
In research publications there are no data on the use of endic anhydride (EA, endo-norbornene-2,3-dicarboxylic acid) or EA-based norborn-5-ene-2,3-dicarboxylic acid β-oxyethylimide (ImEA) for the modification of polymers.
In the course of this study, anhydride and imide groups were grafted to polymer matrices by radicalinitiated reactions of SKI-3 polyisoprene rubber with MA, EA, and ImEA. The processes were conducted in a toluene solution at a temperature T = 90 ± 5°C for 3 h, using benzoyl peroxide (0.5 wt%) as the initiator, with subsequent reprecipitation of the polymer [6] . The degree of grafting of MA, EA, and ImEA to the rubber matrix was assessed by determining the acid number by a procedure described elsewhere [7] .
As shown by thermogravimetric analysis, the modified rubber has a higher heat stability, which is indicated by increase in the temperature of the start of weight loss of the modified rubber (264-280°C) by comparison with the unmodified rubber (260°C) ( Table 1) .
It must be said that heating of the modified rubber at a temperature of 130°C for 1 h did not lead to the formation of gel fraction: the heated rubber was entirely soluble in toluene, which indicated the absence of crosslink formation under the given conditions. Meanwhile, the viscosity-average molecular weight (M η ) increased in the course of heating of SKI-3-MA, whereas M η of the remaining modified SKI-3 rubbers decreased ( Figure 1 ). This indicates that the process of structure formation predominates only in the course of modification of SKI-2 with MA, which seems to be due to the possibility of the crosslinking of polymer chains by MA. The viscosityaverage molecular weight (M η ) was determined by the GOST 1929-87 standard procedure [8] .
Modified rubber was introduced into the composition of a special rubber mix for radial-car-tyre coating metal cord. The ingredients were mixed in the mixing attachment of a Brabender plasticorder, which modelled the operation of an internal mixer, in accordance with the formulation and regime given in Table 2 .
Analysis of the rheometric curves of the rubber mixes, obtained on a Monsanto 1500 vibrorheometer according to a procedure described elsewhere [9] , indicates that the introduction of modified rubber, practically without affecting the vulcanisation start time, leads to a shorter time of achievement of optimum vulcanisation ( Table 3) . It must be noted in particular that the maximum torque during vulcanisation is reduced when SKI-3-MA and SKI-3-EA are introduced, which indicates a reduction in the viscosity of the medium. This should promote the achievement of a higher adhesive strength owing to flow of the mix into cavities of the cord [10] .
Figure 1. The dependence of the change in the viscosity-average molecular weight M η on the heat ageing time (T = 130°C): 1 -SKI-3; 2 -SKI-3-ImEA; 3 -SKI-3-EA; 4 -SKI-3-MA
As expected, the cord-rubber adhesive bonding strength, determined by the H-method (GOST 14863-69), increases when more than 50% modifier is introduced ( Table 4) .
The physicomechanical properties of the rubber compounds were determined in accordance with GOST 270-81. The obtained experimental data indicate a reduction in the elongation at break and tension set, and also an increase in the strength of rubber compounds containing modified SKI-3. This appears to be due to the participation, in the formation of additional crosslinks, of macromolecular chains of SKI-3 by means of unsaturated dicarboxylic acid anhydrides ( Table 4) .
For a more complete picture of vulcanisation network formation, the network chain density was determined in accordance with the procedure given by Anfimova and Lykin [11] by hot extraction with acetone (30 h, Soxhlet apparatus) with subsequent cold extraction with toluene (7 days). The average molecular weight of the network chain was determined from the magnitude of equilibrium swelling of the crosslinked polymer, using the Flory-Rehner equation:
where r 1 and r 2 are the density of the elastomer and solvent (g/cm 3 ), c 1 is the polymer-solvent interaction parameter, M 2 is the molecular weight of the solvent, f is the functionality of the network nodes, j 1 is the volume fraction of the elastomer in the swollen specimen, and u chem is the density of the chemically bound chains of the network.
The experimental data (Table 5 ) indicate that the average molecular weight of the network chain of the vulcanisate decreases when modified rubber is introduced, i.e. the density of the network chains increases.
Thus, the radical-initiated modification of SKI-3 with maleic anhydride (cis-ethylene-1,2-dicarboxylic acid anhydride), endic anhydride (endo-norbornene-2,3-dicarboxylic acid anhydride), and N-methylmaleimide (norborn-5-ene-2,3-dicarboxylic acid β-oxyethylimide) has been carried out.
It was established that the introduction of modified rubber into the composition of a rubber mix intended for coating metal cord promotes a reduction in the optimum vulcanisation time with practically no effect on the vulcanisation start time.
It was found that a vulcanisate containing modified SKI-3 has a higher rubber-cord bond strength, and here there is an increase in the tensile strength properties of the rubber compounds and a reduction in elongation at break and tension set. 
